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Psychiatric diseases are associated with an increased rate of somatic age-related illness. A new study sheds
light on putative mediating cellular mechanisms by linking increased mitochondrial DNA copy number and
decreased telomere length to childhood stress and major depression.Chronic psychosocial stress and mental
health problems are associated with
increased mortality and morbidity as
shown by epidemiological studies [1]. But
what are the cellular mechanisms that
mediate the effect of psychological stress
on accelerated biological aging? The first
hint was obtained a decade ago when
Epel et al. [2] demonstrated that women
with high levels of perceived stress have
shorter leukocyte telomere length and
lower telomerase enzyme activity
compared to women with low levels of
stress. Telomeres are the protective ends
of each chromosome, consisting of a DNA
repeat sequence and associated
proteins. Telomere length shortens at cell
division due to the end-replication
problem of the linear DNA molecule. In
germ and stem cells, telomere length is
maintained by the enzyme telomerase, an
RNA-dependent DNA polymerase that
extends the DNA molecule. In somatic
cells, telomerase activity is low or absent
and in these cells the overall telomere
length shortens with age. Telomere
length, therefore, has been suggested
as a biomarker of biological aging that
might be used to predict morbidity
and mortality [3].
Since the landmark study by Epel et al.
[2], shorter leukocyte telomere length has
been associated with various psychiatric
diseases, such as major depression [4]
and anxiety disorders [5], as well as their
risk factors, specifically, childhood
adversities [6,7] and psychological stress
[8], although not always [9]. In a study
reported in a recent issue of Current
Biology, the CONVERGE (China, Oxford
and VCU Experimental Research on
Genetic Epidemiology) consortiumCextends these findings by showing that
individuals with current major depression
or with a history of childhood stress have
shorter telomere length and increased
mitochondrial DNA (mtDNA) copy
number, another marker of cellular
aging [10]. Mitochondria are responsible
for the larger part of energy production of
most cells, and are involved in processes
such as differentiation, redox state, cell
death, and Ca2+ homeostasis.
Mitochondria have their own DNA
molecule, which codes for 37 genes.
In addition to the human studies, the
CONVERGE consortium further
demonstrates in a mouse model that
chronic stress leads to decreased
telomere length and increased mtDNA
copy number and that these molecular
markers are partly reversible after
cessation of stress.
The CONVERGE consortium first
obtained low coverage whole genome
sequence data from saliva DNA of 5,864
women with recurrent major depression
and 5,783 matched controls. To
investigate putative alterations in the
somatic genome of cases and controls,
they determined the relative telomere
length and mtDNA copy number from
the sequence read data. Major
depression was associated with shorter
telomere length and increased mtDNA
copy number in cases compared with
controls. Also, telomere length was
significantly shorter and mtDNA copy
number higher in individuals who had
experienced more stressful life events
and childhood sexual abuse, well
established risk factors for major
depression. The association between
major depression and increased mtDNAurrent Biology 25, R409–R430, May 18, 2015 ªcopy number was further replicated in
another case-control sample with DNA
extracted from blood cells. Also, another
recent study found increased mtDNA
copy number and reduced telomere
length in blood cells of patients with major
depression [11].
Is there a causal relationship between
stressful life events, major depression,
mtDNA copy number and telomere
length? The CONVERGE consortium
examined this question using conditional
regression analysis, and concluded
that major depression explains the
effect of adversity on mtDNA copy
number and telomere length. In other
words, these molecular signatures
represent markers of the current
state of the illness. In contrast, those
individuals who had experienced
stressful life events but did not have
current major depression did not show
alterations in mtDNA copy number or
telomere length.
What are the cellular and molecular
mechanisms that mediate the effect of
stress and major depression on telomere
length and mtDNA copy number?
Progress in the field has been hindered
by the lack of validated animal models.
Inbred laboratory mouse strains have
many times longer telomeres than wild
mice or humans [12]. Therefore, it has
been unclear whether the laboratory
mouse adequately models human
telomere dynamics. Consequently,
most studies on telomere dynamics
have been carried out in offspring of
wild-derived mice, in which stress
causes telomere attrition in blood cells
[13]. The CONVERGE consortium,
however, subjected regular C57BL/6J2015 Elsevier Ltd All rights reserved R409
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for four weeks and measured mtDNA
copy number and telomere length in
cells in saliva and blood, both
representing mainly leukocytes.
Stressed mice had a more than 200%
increased mtDNA copy number, and a
30% decreased telomere length in the
saliva and blood cells compared to
control mice. Moreover, when the
stressed mice were left to recover for four
weeks, their telomere length and mtDNA
copy number returned to nearly normal
levels.
These results are striking for several
reasons. Firstly, they suggest that the
laboratory mouse is indeed a valid model
to investigate the effects of stress on
telomere length and mtDNA dynamics.
It is now possible to examine the
molecular mechanisms and the effect of
different stressors on these molecular
markers and behavioral phenotypes in
detail. Secondly, it is becoming evident
that leukocyte telomere length is a
dynamic feature. Telomerase enzyme is
expressed at a low level in leukocytes.
Stressed women in the Epel et al. paper
[2] had lower telomerase activity, as
shown previously in major depression
[14]. However, telomerase activity is
increased after acute stress [15].
Therefore, leukocytes clearly have the
capacity to increase telomerase
activity in response to various cues,
and the CONVERGE consortium
study raises the question whether
telomerase activity is changed in
chronic stress. Although leukocyte
telomere length generally shortens
with age, lengthening of leukocyte
telomeres in some individuals has
been observed in human longitudinal
studies [16]. The results from the
CONVERGE consortium support the
notion that leukocyte telomere
length is a dynamic feature that can
change within a timespan of weeks.
Thirdly, these new findings establish that
mtDNA copy number is a novel molecular
marker of stress of an equally dynamic
nature.
In mammals, the physiological effects
of stress are mediated by the activity of
the hypothalamic–pituitary–adrenal
(HPA) axis, which leads to secretion of
glucocorticoids: corticosterone in mice
and cortisol in humans. Hypocortisolism
in major depression has been associatedR410 Current Biology 25, R409–R430, May 1with shorter leukocyte telomere length
[17], and cortisol inhibits telomerase
enzyme activity in vitro [18]. To investigate
the effect of glucocorticoids on telomere
length and mtDNA copy number,
the CONVERGE consortium injected
mice systemically with corticosterone
for four weeks and measured mtDNA
copy number and telomere length in
blood and saliva cells. The effect of
corticosterone on these molecular
measures was similar to those of the
behavioral stress. It therefore appears
that the increase in the mtDNA copy
number and the shortening of telomere
length after stress are at least partially
mediated by the activation of the HPA
axis.
The molecular targets of the
glucocorticoids responsible for
these effects remain to be discovered.
One obvious candidate is the
telomerase enzyme as its reverse
transcriptase component is translocated
to mitochondria under oxidative
stress [19]. There is also a direct link
between telomere and mitochondrial
biology through the peroxisome
proliferator-activated receptor gamma
coactivator 1 alpha and beta (PGC-1a and
PGC-1b), regulators of mitochondrial
physiology and metabolism.
These proteins are repressed in
telomerase-dysfunctional mice through
activation of p53 [20]. With an appropriate
mouse model in hand, it will now be
possible to determine whether
increased mtDNA copy number and
decreased telomere length after stress
are mediated by the same or independent
factors. One interesting question is
whether the telomere length of existing
cells increases after termination of stress
or whether renewal of cells with longer
telomeres from the stem cell population
takes place.
Are the mtDNA copy number and
telomere length causally involved in
stress-related diseases or are they merely
reactive changes? Both the human and
mouse data from the CONVERGE
consortium suggest the latter. As the
authors suggest, there may be two
trajectories, one leading to molecular
signatures of stress (possibly involving
the HPA axis), and one to major
depression in individuals in which the
molecular changes persist for long
periods of time or are abnormally large.8, 2015 ª2015 Elsevier Ltd All rights reservedTelomere length has been suggested
to be a biomarker of cellular aging,
but the large inter-individual
differences in human telomere length
make its clinical utility challenging.
However, a combined molecular
signature of telomere length and mtDNA
copy number could serve as a useful
biomarker for treatment response
and diseases state. Reversibility of
telomere length after remission is
also supported by a recent study on
anxiety disorders [5]. The results by
the CONVERGE consortium bring us
closer to understanding how mental
illness becomes apparent decades
after stress and provides a starting
point for functional studies to reveal
the underlying molecular and cellular
mechanisms.REFERENCES
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The cultivation of many crops relies on the formation of chimeric plants, where roots from one variety are
grafted onto the shoot of another. A new study uncovers how two plants connect and demonstrates that
the root and shoot do not contribute equally to the union.Imagine taking two organisms, cutting
both of them in half and fusing them
together to make a superior individual.
Sounds like science fiction? With animal
systems it almost certainly is, but with
plants, fusions such as the Tomtato
(a tomato–potato chimera) are very much
a reality (Figure 1A). Tissue grafts and
organ transfers in animal systems are
clearly possible, but plants exhibit a
developmental plasticity unparalleled in
the animal kingdom that enables fusion of
individual plants. This fusion is termed
grafting, and usually involves combining
the root system from one plant (the
rootstock) and the shoot from another (the
scion). Essentially, the two plants become
one, and in the case of the Tomtato can
produce both tomatoes and potatoes.
Grafted plants often have a massive
advantage over their parents. Forexample, heavy-cropping shoots can be
grafted onto robust rootstocks. This
technique is widely employed in
horticulture and for many species the
process of joining the two plants has been
automated. A search of YouTube for
‘automated grafting’ reveals a high-
throughput industrial process more
reminiscent of an automobile factory than
a plant nursery.
Despite the extensive expertise in the
grafting industry, we have surprisingly
little understanding of the biological
processes underlying graft formation.
One of the essential processes during
grafting is the reconnection of the
vascular system, as without it there would
be no transport of water and nutrients
between organs. In this issue of Current
Biology, Melnyk et al. [1] employ a suite
of cutting-edge imaging approaches toinvestigate how the vascular tissues
reconnect and reveal a complex
communication between rootstock
and scion.
One of the reasons we know so little
about the mechanisms of graft formation
is that the really interesting stuff
happens deep within the tissue. To form a
graft, you need reasonably thick and
developed tissue, but this is exactly
the sort of tissue that is problematic
for live imaging. For this reason,
Melnyk et al. focused on the model plant
Arabidopsis thaliana. Grafting
Arabidopsis is a widely used procedure
[2], and has been used extensively to
investigate movement of mobile
components between root and shoot
systems, but even in our model plant, we
only have a superficial understanding of
how the tissues unite.2015 Elsevier Ltd All rights reserved R411
